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ABSTRACT
i Confidential]

A doppler-sense separatior technique, applicatle w the
Madre radar system, separates redas targets énte app. saching
and receding targets. The nresentation of unambigvous doppler
frequencies of up to one-half the radar sampling rate 1s made
possible. In addition, three desirable c¢'lateral features an be
obtained: (a) some suppression of eart’ hackscatter retura, b}
simpie i-f bandwidth control, and (c; the :vilability of range-gated
andessentially continuous-wave sigrals. ‘che separation technique
has a theoretical signai-to-noise ratio i.\provement of 3 db.

PROBLEM STA Y US
This i an interim report unone phase of an Air Force (RADK)
sponscred problem; work on this and otlier phases is continuing.
AUTHORIZATION
NRL Problem R32-23

AF MIPR (30-602) 63-2928, 2920, 2995
Project RF 001-02-41-4007

Manuscript submitted February 18, 1964,
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A METHOD OF SEPARATING APPROACH AND
RETEDE PULSE DOPPLER RADAR ECHOES
{ Unciassiiied Title]
INTRODUCTION

Statement of the Problem

The work described in this reporl has been an effort at extracting all of the doppler
frequency information possible from the Madre radar (1,2). In brief. this radar is aa
nf coherent pulse doppler system requiring suppression of the earth backscalter returns
and employing a signal processor with storage times of from 20 ceconds to 7 minut2s, a
time compression of about 83,000 to 1, and a variety of signai analysis methods.

in coherent pulse doppler radar systems it is common to convert received signals to
a zero intermediate frequency (bipolar video). With such a system, unambiguous doppler
can be indicated for frequencies up to one-half of the pulse repetition frequency (sampling
rate); however, approach or recede information is lost. If an i-f placed at one-quaiter
of the pulse repetition cate {(PRR) is used, approac’ or recede targets can be identified
by displacement above or beiow the i-f irequency, but the available unambiguous doppler
extract is one-eighth of the pulse repetition rate,

In this report the application of a doppler- sense separation t- ~hrique that effeztively
separates Madre radar system targets into approaching and recedmg targets will he
discusseaq.

Proposed Solution

Alter congidering several possible solutions to the problem of separating approach
and recede targets, itwasdecidedto choose a pair of filters, each having a bandpass of
one-half the pulse repetition frequency (Prf) of 180 pps for Madre, with the crossover
peint at the i-f carrier selected (100 kc/s). Although approach and recede doppler can
be separated, all range resolution wil! be lost. To preserve range information, the side-
band filters can be gated “on”® for a short part of the interpulse period. A workuble system
that would retain essentially the range recolution of the Marre primary system would
require a bank of 22 pairs of filters seyuentially gated o. for 240 , sec. The outputs »f
low and high sideband (LSB and HSB) filters would require separate data processing and
display channels.

Sideband Nilters having the characieristicx shown 1 Fig. 2, witn & 12-db notch at the
carrier frequenc;, will grve some raiection to the lower doppler frequencies. Since earth
oackscatter returns appear withir a few cycles of the carrier frequency, an improvemernt
v earth backscatter suppression can v+ reahized. in theory all near-zero dopypler retucn
rejection could be accomplisacd by sidebana f:lters with appropriate skirt design. It will
be noted that the gate width determines the frequency bandpass since the doppler separa-
twn f1lters are relatively narrow. The 240- scc gate example 1s compatible with the
normal ‘-k¢ s system bandwidih, When a mare restricted baudwidth 1s desirable (due to
co-chanael interference, {or example), it may be secured v sing a wider gate with, of
course, 1 gsacrifice i range resoluti n. By proviing an adjustable gate-width facility,
the radar 1-f bandwidth 1y easily conirolied
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2 NAVAL RESEARCH LABORATORY SECRET

Another collateral result of nominal 80-cps bandwidth filtering of a range-gated seg-
ment of the i-f is that this achieves the correct format for doppler-time-history analysis
and display, that is, an essentially cw signal is available for processing. Without such a
capability it is necessary to range-gate and “boxcar” prior to processing.

Some preliminary workon mechanical filters at NRL demoastrated that aten-element
torsion-mode filter could produce the desired bandpass characteristics.
DESCRIPTION OF DEVET OPED EQUIPMENT

The block diagram of Fig. 1 indicates the equipment that was deveioped for this proh-

lem. One pair of magnciostriction filters, with the bandpass characteristics shown in
Fig. 2, was developed on contract with RCA, Camden, N.J.

PRF (180 PPS}

MADRE CLOCK

TRACK (Cr}
931 S KC DiVIDERS MU, TIPOSITON
{~ 2 l DISTRIBUTOR
-
cRATE
TRIGGF R

GATE DRILERS

OO0 - K€
.;oo_xsf:_. GATE “L'LSB*__}T‘L"‘_]‘_ age

20RO

LNV IDUAL 1t
| — RANGE GATED COMVERTER
ouTeyTY
e >
¥

WiV DUAL
MANGE GAYED
ouTeuY

Fig. 1 - Experimental equipment and circuils wsod 10 oupe
arate approach and recede radar turgets by the use of dop-
pler information an the Madre rada: system

The counting and commutating circuits necessary to make the filter gating compatible
with the Madre system vere developed at NRL,

The gate-switching rate required for a 23-range segmoent svstem at a 180-cps prf is
4140 cps. This was obtained by dividing the Madre clock track (931,35 ke &) by 225.

A nlt position distributor using three Burroughs BX- 1000 beam saitenmg tubes .5
shown i Fig, 3. The mital nositic.. was ret by the sysiciu oync and driven by the divided
clock track. This distribution provided appropriate trigear pulses for the filter gates.

Gating wis accomphisiiea with a dal transistor chopping unit.  The Solid State Elec-
tronics Mo del 50P. In the “on® condition this unit has 4 manximum signal Jevel of 10v peak

“w ae»

to poah and nedar uiity puw. b the 0l conditron tac wain s down approainiately 40 di,
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Fig. 4 - Schematic of the 9 tube used in the
Madre clock track divider
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Fig. 5 - Schymatic of the 9 tabes used in the
Madre clocih viack divider

A gate with greawer dynamic range may be desirable for the complete system. A solid-
state monostable multivibrator with appropriate isolation and bias proviaea the halarced
drive required for the chopping unit,

The clock track division was done in three steps (9-5:5), each step employing a
BX-1000 tube. The divide-by-9 tube, Fig. 4, 15 driven by an ECCO FF plug-in umt which
i3 triprer.d by a pulse formed frum one-half cycle of the clock track, as shown on the
figure. One stction of the tube has been eliminated, thus JHowing one complete cycle of
the beam for every nine trigger pulses. The wutput of the targel preceding the eliminated
< Lton1s amplifiea and used to re st the ECCO FF.

> divide-by -5 steps, Fig. &, utilize all ten sections of the tubes with the grids driven
directts 1 v separate targets of the preceaing tube,
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RESULTS
Target Separation

Figure 6 shows tha results of a simnulated receding doppler of approsimately 40 cps.
Tine signal levels were set just beiow the system saturation point.

In Fig. 7 the same test procedure was followed as in Fig. 6 but with 2 simulated
approach doppler as the input signal,

The input and output circuits of the maynetostriction fiiters were gated on for a
longer time than the actual width of the simulated target, thus accounting for the longer
range spread from the filtered channels {Figs. 6(b) and 7(c)).

Fig. 6 - Simulated target receding with a doppler frequency of about 40 ¢ps.
(a) Con ecntional Madre radar system primary display, (b) the same receiver,
converter,data processing, and display chennel withthe LSB magnetoustriction
filtur inserted before the syuchronous detector, (¢ the HSD {ilter replaces
the LSB fultcr. Horizontal scales representthe range {(mi). right-hand scaler
represent the doppler frequency {cps), and the left-hand 3cales are not
applicable.

Foo. 7-%malarteararget approaching with 4 doppler freguercy of abuut 40 cps.

(a) Con entional Madre radar system prinery diapley {b) 'he same recener,
cooverter datel wessty, avd fisplay Chaisnd withthe AunCtustrieiion
ndtor anre r e Letory the syvtchioma detector ovibe b toreplaces
Fo DSB tfaltar, HMorid nral & wics repicsent the rarpe tmad rigte T stales
obre actt fte Juppke e o v e ), Wl the bertrhand scal 5

s ba ablc
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Signal Processing Gair

Using the doppler separation filters reduces each channel input bandwidth by one-half
and could provide a 3-db improvement in the signal to white-noise ratio presented tw the
signal protessut. A precise cumpat isun of teiative seasitivity of the dooples -sepag ated
and ambiguous doppler methods was not accomplished. However, observers experienced
in the operation of the Madre radar believed that separated channcls allowed detection of
smaller signals.

Equipment Hlustrations

Figure 8 shows the chassis mounting of the magnetostriction filters with the cover
removed from one filter, !

Figure 9 shows the magnetostriction filter element in some detatl,

Figures 10(a) and 10(b) show, respectively, a top and bottom view of the chassis
containing the dividing and multiposition distributor circuits.

Fip, 8 « Chossls mvunting of the magnetostriction tilters
Alth cover removed from uae Qilter

CONCLUSION

The performance of the experimantal maguetustriction filters showed the feasibility
of & duppler seiise separation sysiem based onthewr use, The single pair of filters devel-
oped has been useful titargct cross -~ _ction cchoing studies, The use of wuch o systen for

SECRET
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(b} bottom viww

Fig. 10 (continued) - Chassis mounting of che divideng and
multiposition distributor circuils

target separation permits the presentation of unambiguous doppler frequencies upto one-
half the target sampling rate. In addition, three desired collateral features canbe vblained.
These are (a) some suppre ssion of earth bachscatler teturns, (b) stmple 1-f bandwidth
control, and {(c) the availability of range-gated and essentiaily continuous-wave stgnals,

The construction of magnetostriction filters with the characteristics necessary for
this purpose proved to be a tedious procedure and efforts to acquire 4 _.uff1Cient number
fur a4 cumplete set were avandoned. A contract has been let tor the construgtion ot 25 palrs
o1 crystal filters having the same characteristics as the experimental pair. Duture plans
are o instali these as a part of the Madre research systen at CBA,
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Naval Research Laboratory

Technical Library
Research Reports & Bibliography Unit

To: Larry Downing, DTIC

From: Darlene DeMarr, Code 5596.3

Date: 9/17/2007

Subject: Change in Classification & Distribution Statement

Please change the classifications & distribution statement on the following documents to

Unclassified/Unlimited Distribution:

ADC954564 (NRL-3703-PT-1) Declassified with no restrictions 9/11/1996

AD0348828 (NRL-6066)
AD0348901 (NRL-6037)
AD0352827 (NRL-6117)
AD0361630 (NRL-6247)
AD0377010 (NRL-6476)
ADO0377011 (NRL-6485)
AD0377242 (NRL-6479)
AD0379058 (NRL-6508)
AD0379893 (NRL-6507)
AD0346383 (NRL-6015)
AD0349268 (NRL-6079)
AD0355651 (NRL-6198)
AD0368068 (NRL-6371)

Thank you,

Declassified with no restrictions 9/30/1996
Declassified with no restrictions 12/3/1996
Declassified with no restrictions 1/25/1996
Declassified with no restrictions 1/7/1997

Declassified with no restrictions 1/29/1997
Declassified with no restrictions 1/29/1997
Declassiﬁed with no restrictions 1/28/1997
Declassified with no restrictions 1/29/1997
Declassified with no restrictions 1/29/1997
Declassified with no restrictions 1/29/1997
Declassified with no restrictions 1/29/1997
Declassified with no restrictions 1/29/1997
Declassified with no restrictions 1/29/1997
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Darlene DeMarr
(202) 767-7381
demarr@nri.navy.mil



